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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



n re Application of: 
aul James CONROY et al . 



Serial No: New appln, based on 
PCT/GB98/00305 

Filed: Concurrently Herewith 

CEMENT IT I OUS COMPOSITIONS AND 
THEIR USE IN CORROSION PROTECTION 



PATENT 

Group : Unknown 
Examiner : Unknown 

ATTN; BOX PCT 



PRELIMINARY AMENDMENT 

Washington , D -^C • 
August 2 , 1999 

Assistant Commissioner for Patents 
Washington, D.C. 2 0231 

Sir: 

Concurrently with the U.S. national phase filing of this 
application, please amend the present application as follows : 
IN THE SPECIFICATION ; 

Page 1, before line 4, insert 
--BACKGROU N D QF THE INV E NT I ON 
FILED OF THE INVE NTION--; 

between lines 5 and 6, insert 

— THE PRIOR ART — 

between lines 19 and 20, insert 
-- SUMMARY OF THE INVENTION --. 

Page 5, between lines 6 and 7, insert 
- - BRIEF DESCRIPTION OF THE DRAWINGS - - ; 
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between lines 11 and 12, insert 
- - DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS - - . 
IN THE CLAIMS; 

Amend claims 3, 5-8, 10, 12-14, 16-19, 22, 23, 25-29 as 
follows : 

Claim 3 (Amended) line 1, delete "or 2". 
Claim 5 (Amended) line 1, delete "3 or". 
Claim 6 (Amended) line 1, delete "3, 4 or". 
Claim 7 (Amended) line 1, delete "3, 4, 5 or". 

Claim 8 , (Amended) A method according- to [any one of claims 
2 to] claim 7, wherein the cementitious composition further 
comprises a cement replacement material in an amount of not more 
than 7 0 parts by weight, based on the dry composition. 

Claim 10. (Amended) A method according to [any one of 
claims 2] claim 9, wherein the cement is a hydraulic cement. 

Claim 12 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 13 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 14 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 16 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 
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Claim 17 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 18 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 19 (Amended) line 1, delete "any preceding" and after 
"claim" insert --1--. 

Claim 22 (Amended) line 1, delete "20 or". 

Claim 23 (Amended) line 1, delete "20, 21, or". 

Claim 25. (Amended) A composition according to [any one of 
claims] claim 2 0 [to 24] , wlierein the cement is calciiim silicate 
cement . 

Claim 26. (Amended) A composition [any one of claims 20 to] 
according to claim 25, furttier comprising aggregate and/or fibre 
reinforcement . 

Claim 27 . (Amended) A composition according [any one of 
claims] to claim 20 [to 26] , furtlier comprising not more tlian 50 
parts by weiglit water, based on tlie wet composition. 

Claim 28. (Amended) A cementitious mortar composition 
comprising a mixture of cementitious composition according to 
[any one of claims] claim 20 [to 27] and witli sand. 

Claim 29, (Amended) A pipe comprising a liollow metallic 
conduit and a coating provided on an internal and/or external 
surface to tlie conduit, wlierein tlie coating comprises a 
composition according to [any one of claims 20 to 28] claim 20 . 
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By this Preliminary Amendment the specification has been 
amended to include topic headings and the claims have been 
amended to remove multiple dependencies. Entry is in order. 
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t^EMENTlTIOUS COMPOSITIONS ^^DJHEIRJJ^ 
1 IN CORROSION PROTECTION i 



The present invention relates to cementitious compositions, and 
5 relates to the use of such compositions in conrosion protection. 

The corrosion of metals in contact with water occurs by an aqueous 
electrochemical mechanism. This involves the presence of water containing 
dissolved ions at the metal surface, and the corresponding transfer of the electrons 
from the metal surface to the aqueous environment in contact with it. Corrosion 
1 0 protection involves interfering with these processes. 

Current internal protection systems for water pipes usually consist of 
either cement mortars or epoxy resin polymeric coatings. Cement mortars suffer 
from a number of problems, such as lime leaching when placed in low alkalinity and 
low hardness waters. This results in Impaired water quality by increasing the pH (ie 
1 5 the alkalinity) and calcium concentrations, and causes structural deterioration of the 
cement mortar, which results in poor durability. Epoxy resins can also suffer from 
a number of problems: if they are insufficiently cured, then there may be problems 
with water quality; there may be blistering; and there may be poor coverage at pipe 
joints. 

20 We have newfound a way to improve corrosion protection of metal 

surfaces, such as metallic drinking water pipes. We achieve this by providing a 

cementitious composition which, in the hardened state, acts as a low leaching and 

durable coating in low alkalinity and low hardness waters. 

According to one aspect of the invention there is provided a method 
25 of protecting a surface from corrosion, comprising applying to the surface a 

cementitious composition which, in the hardened state, acts as a low leaching 

coating in low alkalinity and low hardness waters. 

The method can be used to protect a wide variety of surfaces from 

conrosion. The method is of particular use in preventing the corrosion of metal pipes 
30 from corrosion caused by moisture. The method has particular application to the 

protection of the inside of drinking water pipes. 
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After the cementitious composition has been applied to the surface it 
can be left to harden. In general sufficient hardening will occur within about 24 
hours, but it may take several weeks for the composition to finish curing. 

The thickness of the composition depends upon the application. 
5 Typically the composition would be applied to a thickness in the range 2 to 1 6 mm, 
and usually the thickness would be in the range 4 to 8 mm. 

The cementitious composition advantageously comprises at least one 
cement and a component which is capable of reacting with free lime. This reduces 
the amount of lime available to leach. Advantageously, the cementitious 
1 0 composition comprises at least one hydraulic cement and a highly reactive pozzolan 
- the pozzolan is capable of reacting with the free lime. 

It is preferred that the composition comprises not more than 50 parts 
by weight pozzolan, based on the weight of the dry composition, and not less than 
5 parts by weight pozzolan based on weight of the dry composition. It is more 
15 preferred that the composition comprises not more than 30 parts by weight 
poz2:olan, based on the weight of the dry composition. 

In one embodiment, the cementitious composition may further 
comprise a cement replacement material, preferably in an amount of not more than 
70 parts by weight, based on the dry composition. The cement replacement material 
20 assists in producing a dense cement with a fine pore structure in the hardened 
cement paste. The cement replacement material is preferably ground granulated 
blast furnace slag (GGBFS - available from Civil and Marine Slag Cement Limited), 
activated blast furnace slag, pulverised fuel ash (PFA - available from Pozzolanic 
Lytag) and/or microsilica powder (e.g, grade 940U available from Elkem Materials). 
25 In certain embodiments, the composition may comprise not more than 

10 parts by weight pozzolan, based on the dry composition. For example, when the 
cement replacement material is provided, it is preferred that the composition 
comprises not more than 10 parts by weight pozzolan, based on the dry 
composition. 

30 A wide variety of cements may be used. Ordinary Portland cement 

(OPC) has been found to be very suitable. Examples of three commercially 
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available cements that are suitable for use with the present invention are: ordinary 
Portland cement to B.S. 12:1991 class 42.5N: Fenrocrete which is a rapid-hardening 
Portland cement to B.S. 12:1991 class 52.5N; and Sulfacrete which is a sulphate 
resisting Portland cement to B.S. 4027:1991 class 42.5N. All three of these cements 
5 are available from Blue Circle Industries. 

The cement may be a Microcem cement, i.e.. a superfine Portland 
cement having a greater surface area than conventional Portland cements. 
Microcem 550, Microcem 650SR or Microcem 900 may, for example, be used in the 
invention. 

10 In an embodiment, the cement is a hydraulic cement. The hydraulic 

cement is preferably calcium silicate cement. 

Po22oians are silaceous and aluminous materials, such as certain fly 
ashes and blast furnace slags, which, in finely divided form, will exhibit cementitious 
properties when mixed with, for example, lime and water. We prefer to use a highly 

1 5 reactive pozzolan. We have obtained exceptionally good results when the pozzolan 
is metakaolin. Metakaolins can be fonned from Kaolinite (Al2Si20s(OH)4) by 
heating, for example to about 500°C to about 800°C. Metakaolin is available from, 
for example, English China Clay International. Grade Metastar 501, available from 
English China Clay International, has been found to be very suitable. 

20 The cementitious composition used in the method according to the 

invention may comprise other materials, such as aggregate and a reinforcement 
material such as a fibre reinforcement. The aggregate would typically be a fine 
grade silver sand having a moisture content of, for example, 4.7%. The 
reinforcement may be a polymeric fibre and may be present in an amount up to 40 

25 parts by weight, based on the total weight of the dry composition. 

The cementitious material may include other materials, such as silica 

fume. 

In general, the cementitious composition according to the invention is 
mixed with wsier before use. This results in the formation of a cement paste. We 
30 prefer that the composition comprises not more than 50 parts by weight water, 
based on the wet composition. - 
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The composition may be mixed with sand in order to form a 
cementitious mortar. This cementitious mortar may then be applied to the surface 
to be protected In general, the amount of sand will be about the same as the 
amount of cement. 

5 in accordance with the invention a particularly preferred cementitious 

composition comprises: 



Metakaolin: 5 to 1 5 wt% 
OPC: 10to30wt% 
10 GGBFS: 60to80wt% 



The most preferred cementitious composition comprises: 



Metakaolin: 10wt% 
15 OPC: 20wt% 

GGBFS: 70wt% 



A particularly effective cement mortar composition would comprise 1 
part by weight of the cement composition with 1 part by weight sand and 0.35-0,55, 
20 preferably 0,40 to 0.45 parts by weight water. 

According to another aspect of the invention there is provided a 
cementitious composition which, in the hardened state, acts as a low leaching 
coating in low alkalinity and low hardness waters. 

Advantageously, the cementitious composition comprises at least one 
25 cemient and a component that is capable of reacting with free lime, which 
component is preferably a highly reactive pozzolan. 

Preferably, the composition comprises not more than 30 parts by 
weight pozzolan, based on the dry composition, and the composition comprises not 
less than 5 parts by weight pozzolan, based on the dry composition. 
30 The cementitious composition according to this aspect of the invention 

may be provided with any combination of the features of thfe cementitious 



29-JUL-1999 13:26 FROM 
/ WO 98/33749 



TO 



PCT/GB98/00305 



-5- 

composition described in relation to the method of protecting a surface from 
corrosion protection. The cementitious composition may be mixed with sand to form 
a cementitious mortar composition. 

The method and composition according to the present invention make 
5 it possible to protect pipes, especially drinking water pipes, from corrosion, without 
the usual problems associated with cement mortars or epoxy resins. 

Reference is now made to the accompanying drawings, in which: 

Fig, 1 is a cross-sectional view of a flat surface that has been treated 
with a cementitious composition according to the invention; and 
1 0 Fig, 2 is a cross-sectional view of a pipe that has been treated with a 

cementjitious composition according to the invention. 

In Fig. 1 a substantially planar metallic substrate 10 has been coated 
with a layer 12 of a cementitious composition comprising a hydraulic cement, a 
pozzolan and water The cementitious composition was applied in the form of a 
15 paste to form the layer 12 and was then left to set. The cementitious material cured 
while in contact with the metallic substrate 10 and provides an alkaline environment 
in contact with the surface of the substrate 10. Once fully cured, the cementitious 
coating protects the substrate 10 from electrochemical corrosion and also from 
leaching of the cement by drinking water. 
20 In Fig, 2 a substantially cylindrical metallic pipe 14 has been coated 

with a layer 16 of a cementitious composition comprising a hydraulic cement, a 
pozzolan and water. As in Fig, 1, the cementitious composition was applied in the 
form of a paste to form the layer 16 and was then left to set. The cementitious 
material cured while in contact with the internal surface of the pipe 14 and provides 
25 an alkaline environment in contact with the internal surface of the pipe 14. Once 
fully cured, the cementitious coating product protects the pipe 14 from 
electrochemical corrosion and also from leaching of the cement by drinking water. 

The following examples illustrate the invention. 



30 £ja£QBiel 

Four cement compositions were prepared. One composition comprises 
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100 wt% OPC. The other three compositions comprised: 90 wt% OPC, 10 wt% 
metakaolin; 80 wt% OPC. 20 \Art% metakaolin; and 70 wt% OPC, 30 wt% 
metakaolin. 

Each composition was mixed with water and sand at the 
5 sandi:cement;water ratio 1 :1 ;0.45. 

Blocks of the cement were exposed to a low alkalinity water and the 
pH was monitored with time. There was a 24 hour retention time. The water 
hardness was 20mg/l as CACOsThe results are shown in Fig. 3, from which it is 
clear that the compositions containing metakaolin performed much better than the 
1 0 other compositions. 

Example 2 

A cement composition was made comprising: 

(1 ) 20 wt% OPC to B.S. 12:1991 class 4Z5N available from 
15 Blue Circle Industries. 

(2) 70 wt% GGBFS from Civil and Marine Slag Limited 

(3) 10 wt% metakaolin, grade Metastar 501 from English 
China Clay International (which is a particularly highly 
purified form of metakaolin). 

20 

Two ductile iron pipes of 100 mm diameter and 3 m total length were 
cut into 12 X 250 mm length sections. Each pipe was then in situ lined using 
standard small bore pipe rehabilitation equipment with the assistance of a local 
contractor. One pipe was lined with OPC blended with sand and water in the ratio 
25 1:1:0.4. The second pipe was lined with the ternary composition according to the 
invention blended with sand and water in the ratio 1:1 :0.43, The difference in water 
quantity was to produce optimum pump and surface finish properties. 

After lining, the pipe sections were placed in airtight bags (to eliminate 
air circulation) with an environment humidity of about 62%, and were allowed to 
30 cure overnight at about 1 0X for about 24 hours. 

The effectiveness of the ternary blend was compared with the OPC 
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over three different water hardnesses, and the results are shown in Figs 4 to 6. In 
each Ccise the retention time was 8 hours. In Fig. 4 there was 1 0 mg/1 as CaCOa. ir^ 
Fig. 5 there was 35 mg/1 as CaCOa and in Fig, 6 there was 55 mg/1 as CaCQ . in 
each case the composition according to the invention resulted in significant 
reductions in lime leaching. 

It will be appreciated that the invention may be modified within the 
scope of the appended claims. 
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Claims 

1 . A method of protecting a surface from corrosion, comprising applying to the 
surface a cementitious composition which, in the hardened state, acts as a low 

5 leaching coating in low alkalinity and low hardness waters. 

2. A method according to claim 1, wherein the cementitious composition 
comprises at least one cement and a component which is capable of reacting with 
free lirne. 

10 

3. A method according to claim 1 or 2, wherein the cementitious composition 
comprises at least one cement and a highly reactive pozzolan. 

4. A method according to ciaim 3, wherein the pozzolan is metakaolin. 

15 

5. A method according to claim 3 or 4, wherein the composition comprises not 
more than 30 parts by weight pozzolan, based on the dry composition. 

6. A method according to claim 3, 4 or 5, wherein the composition comprises 
20 not less than 5 parts by weight pozzolan, based on the dry composition. 

7. A method according to claim 3, 4, 5 or 6, wherein the composition comprises 
not more than 1 0 parts by weight pozzolan, based on the dry composition. 

25 8. A method according to any one of claims 2 to 7, wherein the cementitious 
composition further comprises a cement replacement material in an amount of not 
more than 70 parts by weight, based on the dry composition. 

9. A method according to claim 8, wherein the cement replacement composition 
30 is ground granulated blast furnace slag and/or pulverised fuel ash. 
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10. A method according to any one of claims 2 to 9, wherein the cement is a 
hydraulic cement. 

11 . A method according to claim 10, wherein the hydraulic cement is calcium 
5 silicate cement 

12. A method according to any preceding claim, wherein the cementitious 
composition further comprises aggregate. 

10 13. A method according to any preceding claim, wherein the cementitious 
composition further comprises fibre reinforcement, 

14. A method according to any preceding claim, wherein the cementitious 
composition further comprises water. 

15 

15. A method according to claim 14, wherein the cementitious composition 
comprisejs not more than 50 parts by weight water, based on the wet composition. 

16. A method according to any preceding claim wherein the cementitious 
20 composition is mixed with sand to form a cementitious mortar composition, prior to 

being applied to said surface. 

17. A method according to any preceding claim, wherein said surface is a metal 
surface, 

25 

18. A method according to any preceding claim, wherein said surface forms part 
of a pipe. 

19. A method according to any preceding claim, wherein said cementitious 
30 composition is hardened after application to the surface. ^ 
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20. A cementitious composition comprising at least one cement In combination 
with metakaolin. 

21. A composition according to claim 20, comprising not more than 30 parts by 
5 weight metakaolin, based on the weight of the dry composition. 

22. A composition according to claim 20 or 21 , comprising not more than 1 0 parts 
by weight pozzolan, based on the dry composition. 

1 0 23. A composition according to claim 20, 21 or 22, further comprising a cement 
replacement material in an amount of not more than 70 parts by weight, based on 
the dry composition. 

24. A composition according to claim 23, wherein the cement replacement 
1 5 composition is ground granulated blast furnace slag and/or pulverised fuel ash. 

25. A composition according to any one of claims 20 to 24, wherein the cement 
is calcium silicate cement 

20 26. A composition any one of claims 20 to 25, further comprising aggregate 
and/or fibre reinforcement. 

27. A composition according any one of claims 20 to 26. further comprising not 
more than 50 parts by weight water, based on the wet composition. 

25 

28. A cementitious mortar composition comprising a mixture of cementitious 
composition according to any one of claims 20 to 27 and with sand. 

29. A pipe comprising a hollow metallic conduit and a coating provided on an 
30 internal and/or external surface of the conduit, wherein the coating comprises a 

composition according to any one of claims 20 to 28. 
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Aa a belov naiaGd izvaator, I hereby daclard that: 

My residence, post office addreaa and citizonehip are aa stated below next to my name; 

I believe x am the original, first and sole inventor {if only one name is listed below) 
or an or^gxnal, first and joint inventor (if plural inventors are Aamed below) of chrau^iact 
matter -^hxch 13 claimed a^d for which a design patent i3 sought on the invention en Sled: 

gMggnTi:01JS COMPOSITIONS AND THEIR USE IN CQRROf^TON PROTECTinM 



the specificaticn of which fchaok one) 
[ 1 is attached hereto. 

C ] u.a3 filed on as Application Serial No., 

and was amcinded on ^ . ~ — ' 

fif applicable) 

I hereby state that I have reviewed and understand the concents of the above identified 
specification, including the claim, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is niaterial to the examination of th'3 
application m accordance with Title 37, Code of Federal iRag^ilations , §l.SoCa). 

r do not^know and. do not believe the claimed invention was over known or used in the united 
Statea of America before =y or our invention thereof, or patented or described in any printed 
publication in any country before my or our invention thereof or iLore than one year prior tc 
this ^application, 'chat the same was not in public use or on sale in the United States of 
America more than one yearr prior to this application, that the invention has not been 
patented or made the ::\ib3ect of an inventor's certificate issued before the date of this 
application in any country foreign to the United States of America on an application filed 
by me or my legal reipras^tarives or assigns mora than si5c months prior to this application. 

1 hereby claim foreigij priority benefits under Title 35, United States Code SllS of ar;/ 
rcreign application(s) fcr patent or inventor's certificate listed belov and have af^c 
icantifiad below ioiy foreic=L application for patent or inventor's certificate having a filing 
cats fae^cro that or the application on which priority is claimed: 

?risr Foreign Application is ; Priori tv 

Claimed 

^702119, 0 Great Britain 1 February 1997 



(Number) CCcuntryJ :^ay/Mcnrh/year ?ilad 'ies Mo 



fear ?i-£C 



^av/Mcn^.' !^2ir ?i-lec 
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^ PRIORITY CLAIMED 






n <; XPP'LZCXTIOU NO. 


-,S, PILING OATS 


PATS^TTSD 


PENDXNCJ 



































I hereby aapoi.it Che foilcvi.-g atcornaya CO prosecuta thia applxcation and to transact all 
buaino.e in the Patent a=d rrademarJc Office connactad therewith: Watson Cola Stavana Davis 
o.L.L.C; Robert J. Laaker. 3leg. No. 22^§J; Lawrence R. Radanovxc Reg No -il^iOi? Rxchard 
H. Tuahin, Rag. No .27^; . Jama a E.-T:^eccar, Reg. No. Z 3. ,732; Donald N Huft Reg. No. 
^7 SSI- Thcaias P. PaJ^alkc 3eg. 3 1. 599 ■• John P. DaLuca, Rag. No. ?5,505; Jainas A. Pouloa, 

^^^7^;J No Vt 71^- An=c=r:v ?: Venturino, Reg. No. 31,g7-i ,- Walter D. AaQ3, Rog. No. 
177913; and s Il^wort H Xc3har, Rag. No._14,7I7. Direct all telephono calls to telephone 
nb. (202) 62S-O0aa and fa.-<e3 to (202) 628-3034. 

Address all oorraGpondar.ce = o/Wataor. Cole Sfcavena Davia, P.L.L.c. 1^ ^0JiJHgl!l.^::ii: 
Sui lO OQ. Washington. Z.Z. ^rgijub-i-t_/ ^\ ' 

I hereby declare that all statementa made herein of ay own toowledga are true and chat all 
statemeLa made on infor=^--i=a and belief are believed to ba true; ^"l^^^^'rf/ ,f 
s'atamenta were made viti Vnowladge that willful falae atateaents and the lD.ke ao made ara 
^;."ishSe bv fi^a or i=risc=aent, or both, under Section, 1001 of Title ^^^It^t 
Itates cede 'and Chat suci willful false statemenca may jeopardise the validity of tha 
application or any patenz issued thereon. 



) — ^ 

Full Nana o£ Sola, ?irsc Izvantcr 
PAUL JAMES CONROY \ 




Date 


Residence: V^^^^ 


Citiranshi? 
BRITISH 



?C2Z Ofi^ice Addrasts: 

WRc plc, Frankland Road, Blagrave, Swindon. Wilt shire. p - 
SN5 8YF, Enaland K^f^oi 



JOHN BRIAN NEWMAN \ 




ZW3 / 3^ 



BRITISH 



•-^==1== ..=dr23 = : TEE IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND 
MEDICINE, Sherfield Building ^ London\^ SW7 2AZ, England g-^^ 



LISA ANNE HUDSON \ 



BRITISH 



..=;t :i:i=z .iz.=r===: THE IMPERIAL COLLEGE OF SCIENCE, TECHNOLOGY AND 
MEDICINE, Sherfield Building, London ,\^ SW7 2A2 , England (^%^ 



